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DISCLAIMER

The contents of this report reflect the views of the authors, who are responsible for the facts and
the accuracy of the data presented herein. The contents do not necessarily reflect the official views or
policies of the Washington State Transportation Commission, Department of Transportation, or the

Federal Highway Administration. This report does not constitute a standard, specification, or regulation.
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EXECUTIVE SUMMARY

Driving at night is a difficult task with a fatality rate per mile three times higher than driving in
daylight. Improvement in the nighttime guidance of the driver is likely to improve driver performance. The
majority of today’s traffic signs are made with retroreflective material for nighttime legibility. As signs age,
their retroreflective ability decreases, accompanied by a decrease in effectiveness. An effective method of
periodically inspecting traffic signs is important to ensure highway safety.

The Federal Highway Administration (FHWA) is currently investigating the addition of performance
standards for retroreflective traffic signs to the Manual on Uniform Traffic Control Devices (MUTCD).1
The implementation of retroreflectivity standards would create a need for an accurate, reliable and cost-
effective method to evaluate the retroreflectivity of traffic signs along the highway. This research project was
designed to assess the current methodology of traffic sign retroreflectivity inspection and the accuracy and
usefulness of using trained observers to evaluate retroreflectivity.

This research project composed of three parts: a literature survey, a questionnaire, and the training
and analysis of the observers.

A literature survey and the questionnaire sent to the 50 state transportation agencies showed that
instruments to evaluate traffic sign retroreflectivity are accurate but not used on a large scale because of the
time required to use them. An instrument that would be suitable to evaluate the retroreflectivity of a large
inventory of traffic signs has not been developed and may not be developed for several years. A computer-
~ based sign management system may prove to be satisfactory provided adequate weathering data and several
other factors, including accurate records of sign replacement, can be obtained. At present the human
observer is almost exclusively used to evaluate sign retroreflectivity, but is of unverified accuracy.

A summary of the survey questionnaire is included as Table ES-1. Eighty-five percent of the states
responded to the questionnaire, indicating a very high interest in the subject of traffic sign retroreflectivity.

The major findings are the folloWing: |

1The Federal Register, April 26, 1985.
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. few states (15) have any policy for sign replacement;

. 23 states supplement visual inspection, most using retroreflectometers;

. most states (31) do not have any plans to modify their inspection procedures, indicating that

current procedufes are adequate; and

. only nine states are planning or performing research related to sign retroreflectivity.

The main objective of the research, to assess the accuracy of the trained observer in evaluating traffic
sign retroreflectivity, was accomplished in a series of experiments. Seventeen observers were trained to rate
warning and stop signs, first in a dark gymnasium and then from a stationary car on a straight-level section of
road. The observers rated a series of signs on a scale of 0 to 4 (by whole numbers, 4 being best) that were
placed on a sign post from 100 to 300 feet away. After the training the observers were driven on two highway
courses in which they rated 130 traffic signs.

The primary results of the highway experiments are the comparisons of the observer rating of the
signs and the rating of the signs calculated by using the retroreflectometer. The observer rating was
incorporated into a decision model to replace or to not replace the sign based on the visual complexity of the
sign environment. Figure ES-1 is a breakdown of the highway experiment results by sign type. A and D are
the correct decisions to replace and to not replace a sign, respectively. B is the incorrect observer decision to
replace a sign when it should have remained in place and C is the incorrect observer decision to let a sign
remain in place when it should have been replaced. The observers were correct on 74 percent of the warning
signs and on 75 percent of the stop signs. The observers correctly rated a high percentage of the signs.

The literature survey and questionnaire led to the conclusion that at present there is no method of
sign review other than the trained observer that is suitable for a large sign inventory. The experiments have
demonstrated that a trained observer is a valuable part of a sign maintenance program. Agencies will have to

continue to rely on observers’ judgments for some time to come.

Xiv



Table ES-1. Survey Questionnaire Summary

Plans to
Supplement Modify Sign Future or
Questionnaire Written Visual Inspection Current
State Surveved Returned Policy Inspection Procedures Research
Alabama Y N Y3 N N
Alaska Y
Arizona Y N Y Y
Arkansas Y
California Y
Colorado Y Y24 N YS
Connecticut Y Y6 N N Y3
Delaware Y N Y7 N N
District of Columbia
Florida
Georgia Y Y8 vl Y23 N
Hawaii Y
Idaho Y Y9 Y2 N N
Illinois Y N v4 N N
Indiana Y N Y2 N N
Towa Y N Y2 N N
Kansas Y N Y3 Y10 N
Kentucky Y N N N Y5
Louisiana Y N N yll N
Maine Y N N yl2 N
Maryland
Masssachusetts Y N N Y13 yl4
Michigan Y N Y2 N N
Minnesota
Mississippi Y N Y215 N N
Missouri Y vl N N N
Montana Y N y3 N N
Nebraska Y
Nevada
New Hampshire
New Jersey Y
New Mexico Y N Y2 yl6 N
New York Y
North Carolina Y N N Y17 YS
North Dakota Y N Y23 N N
Ohio Y
Oklahoma Y
Oregon
Pennsylvania
Puerto Rico Y
Rhode Island Y N N y18 N
South Carolina Y N Y2 N N



Table ES-1. Survey Questionnaire Summary (Continued)

Prlans to
Supplement Modify Sign Future or
Questionnaire Written Visual Inspection Current
State Surveyed Returned Policy Inspection Procedures Research
South Dakota Y N Y23 Y2 Y>
Tennessee Y
Texas Y
Utah Y N Y2 N N
Vermont Y N N N Y
Virginia Y y19 N N Y20
Washington Y N N yl0 Y
West Virginia Y N Y2 N N
Wisconsin Y y2l Y2 y10 N
Wyoming Y Y22 N N N
Notes:
1.  Policy is based on daytime and nighttime inspection frequencies
2.  Usereflectometer for field checks
3.  Use material patches for field checks
4.  Use retro-reflectometer for training or special studies
5.  Field weather deck
6. Policy is based on annual nighttime surveillance program
7. Retro-reflectometer used in maintenance and construction projects
8.  Retro-reflectivity warranty for reflective sheeting
9. Policy is based on highway service levels and subjective retro-reflectivity performance
10.  Formalize inspection frequency, procedure, and/or inspection criteria
11.  Use remote reflectometer developed at Louisiana Technical University, 1974
12.  Plan to institute a program to inventory and computerize the installation date of signs
13.  Perform nighttime visual inspections
14.  Field evaluation of various combinations of reflective sheeting and button copy
15.  Use Q-beam (spotlight) for daytime reflectivity checks
16.  More shop inspections for contract sign vendors and more reflectivity readings on construction
projects
17. A study committee has proposed a maintenance standard which includes annual night inspections
18.  Adding personnel and increasing sign surveillance and assigning responsibility areas to sign crews
19.  Signs should be considered for replacement when the reflectivity falls below 50 percent of the
original brightness
20. A level-of-service document is currently being developed
21.  The color of the sign background shall be readily detectable using the upper beams as follows:
color distance
red, yellow, white 500 feet
green, blue 300 feet
brown no standard
22,  Based on manufacturers' data and our experience

xvi



A.
21 of 86 Warning signs
26 signs 64 correct decisions
74 percent correct

A 44 Stop signs
19 of 36 correct decisions
82 percent correct

27 signs

B. 3 signs
LEGEND
Individual Observer Replaced Not Replaced
Decision Model Replace Do Not Replace
Replace
A
(correct)

Figure ES-1. Warning and Stop Sign Replacement, Individual Observer.
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CHAPTER1
INTRODUCTION AND STUDY OBJECTIVES

INTRODUCTION

Driving at night is much more difficult than driving in daylight. A driver’s visual acuity, contrast
sensitivity, distance judgment, and color discrimination are all impaired by the relative darkness of the
night driving environment. Accident statistics compiled by the National Safety Council for the 20 years
from 1965 through 1984 indicate that 56 percent of all traffic fatalities occur at night. The fatality rate
on a mileage basis for nighttime is more than three times that of daytime. A driver’s night vision
characteristics and lack of adequate visual guidance information are significant factors in the grecater
accident and fatality rates at night (1). Improvement in the nighttime guidance of the driver is likely to
improve driver performance. Therefore, an effective method of periodically inspecting traffic signs is
important to ensure road safety.

The majority of today’s traffic signs are made with retroreflective material for nighttime
legibility. As signs age or are covered with road dirt, their retroreflective decreases, accompanied by a
decrease in effectiveness. The Federal Highway Administration (FHWA) is currently investigating the
addition of performance standards for retroreflective traffic signs to the Manual on Uniform Traffic
Control Devices (MUTCD) (2). The MUTCD at present states:

"Regulatory and warning signs, unless excepted in the standards covering a particular

sign or group of signs, shall be reflectorized or illuminated to show the same shape and

color by both day and night" (3).

All traffic signs should be kept in proper position, clean and legible at all times.

Damaged signs should be replaced without undue delay. . . . To assure adequate

maintenance, a suitable schedule for inspection, cleaning and replacement of signs

should be established (4).

Agencies are responsible for establishing their own criteria and maintenance schedulc for sign
replacement.

The implementation of retroreflectivity standards would create a need for an accurate, reliable

and cost-effective method to review traffic signs in the field. The use of observers is the most common,



least complicated, fastest, and most cost-effective way to evaluate the retroreflectivity of traffic signs;
however, minimal research has been done to verify the accuracy of this method. This research project
was designed to assess the current methodology of traffic sign inspection and the accuracy and usefulness

of using trained observers.

STUDY OBJECTIVES

This research project had two primary objectives. The first objective was to review all available
literature on maintaining retroreflective traffic signs and survey all state transportation agencies to learn
about the methodologies employed in making retroreflective judgments on highway signs. The second
objective was to determine how accurately an observer can be trained to rate the retroreflectivity of

traffic signs in a highway environment.



CHAPTER 2
LITERATURE SURVEY

In January 1986, Edward McCormack of the Washington State Transportation Center (TRAC),
located on the University of Washington campus, published a paper entitled "Measuring Traffic Sign
Reflectivity: A Literature Survey." The survey summarized all the available research and information on
the methods used to measure traffic sign retroreflectivity. Appendix B contains his survey.

McCormack’s literature survey describes three methods for examining the retroreflectivity of

traffic signs:
. human observers,
. measuring instruments, and
. a combination of instruments and observers.

Human observation is probably the most widely used method for evaluating sign retroreﬁectivity
in the field. This method is the simplest, but little evaluation on the accuracy of this technique is found
in the literature.

A number of studies have evaluated the accuracy of portable measuring systems. All of the
measuring systems are quite accurate in their determination of sign retroreflectivity; however, using them
can be cumbersome and slow.

The study on the combination of instruments and observers was primarily concerned with the
detection distance for a sign. This method required a secondary data analysis, which could become time-
consuming and confusing, |

In summary, McCormack found that although the usg of instruments to evaluate traffic sign
retroreflectivity is fairly well documented and has been shown to be accurate, instruments are seldom
used for field evaluation of sign retroreflectivity because of the amount of time they require. On the
other hand, the use of human observers for the field evaluation of traffic sign retroreflectivity is
widespread but is of unverified accuracy. He recommended tl"mt the accuracy of a human observer be

further examined.



A recent research report by Mace (5), not included in McCormack’s literature survey, evaluated

three methods of measuring sign performance, and two other methods were incidentally associated with

the study. The following paragraphs are brief descriptions of the five methods employed.

1.

Comparison Standard. Subjects attached a strip with four patches of reflective
sheeting, each with a different brightness level, to a sign face. They then judged the
closest match between the sign and the patches from a distance of 60 feet, illuminating
the sign with a flashlight held next to their eyes.

Electroluminescent Panel. An electroluminescent (EL) panel was color matched to the
federal specifications for yellow engineering grade sheeting and was adjustable for six
levels of brightness. Sign-mounted and vehicle-mounted procedures were tested. The
sign-mounted procedure was similar to the comparison standard technique described
above. For the vehicle-mounted procedure the panel was mounted on the hood of the
car. Both trials were from a stationary vehicle at a distance of 300 feet from the sign.
The subjects sat in the car and compared the panel to one of the six panel settings.
Legibility. For this procedure, a passenger in a vehicle determined the legibility
distance of the sign using a distance measuring instrument (DMI).

Incidental Methods. A Pritchard photometer (Method 4) and a Retrotech
retroreflectometer (Method 5) were used to establish baseline and ground truth

measures of luminance and retroreflectivity.

The results of the tests showed high correlation using either the EL panel or the test patches on

the sign. With the EL panel mounted on the vehicle, the correlation dropped to 0.30. The legibility

method had unaccountable errors and was not recommended.

A summary table comparing the five methods across a number of criteria was included in the

report. Of the methods that proved to be accurate and consistent, the time per measurement varied

from two to ten minutes for the retroreflectometer; five to ten minutes for the comparison standard; ten



to 20 minutes for the EL panel; and ten to 30 minutes for the photometer. None of these methods
could be economically used for large-scale sign measurement.

In another section of the research report by Mace, knowledgeable subjects drove a test route
and evaluated signs, deciding whether to replace or not replace them. The subject drivers’ replacement
decisions were ‘then compared to replacement decisions made by six different replacement strategies in a
sign maintenance management system. The study showed excellent agreement between the test subjects’
decisions and model strategies for warning signs. However, for regulatory and other signs the agreement
was not as good. This portion of the study showed that knowledgeable observers are able to make
replace/not-replace decisions with some accuracy with no formal training.

The Traffic Control Devices Handbook describes a method of evaluating the retroreflectivity of
traffic signs based on the amount of time they are visible (legible) to the observer traveling at the speed
limit:

"Signs that are visible for two seconds, or less, should be replaced as soon as possible.

Signs that are visible for three seconds are considered borderline and should be

scheduled for replacement. Signs that are visible for four or more seconds are usually

considered acceptable” (3).

The literature survey showed that instruments to evaluate traffic sign retroreflectivity are
accurate but not used on a large scale because of the cost they required. An instrument that would be
suitable to evaluate the retroreflectivity of a large inventory of signs has not been developed and may not
be developed for several years. A computer-based sign management system may prove to be
satisfactory, provided adequate weathering data and several other factors can be obtained. At present
the use of the human observer is widespread but still of unverified accuracy. This report will begin to

assess the accuracy of the trained observer.



CHAPTER 3
QUESTIONNAIRE

The study team mailed a questionnaire on May 23, 1986, to each of the 50 states, the District of
Columbia and Puerto Rico. The purpose of the questionnaire was to obtain specific details of the
policies and procedures used in maintaining retroreflective traffic signs. The answers to the questions
might also provide information that would be useful in training observers for the experiment.

Eighty-five percent, or 44 states, responded to the questionnaire. The summarized results are
based entirely on the answers received. All percents and other ratios refer to the answers on the 44
returned questionnaires.

The main findings are summarized below.

QUESTIONNAIRE SUMMARY

. Six states had written, maintained performance standards for retroreflective sheeting

material:

- Arizona -- signs are replaced when not adequate as determined by nighttime
visibility checks

- Colorado -- signs are replaced when major damage occurs, legibility is
impaired by the fading of the letter message or symbol, or nighttime reflectivity
is impaired

- Georgia -- policy is based on performance warranty

- Idaho -- policy is based on highway service levels and subjective
retroreflectivity performance

- Yirginia -- signs are considered for replacement when reflectivity falls below 50
percent of original brightness

- Wyoming -- policy is based on manufacturers’ data and their own experience



Most other states that had written or unwritten policies based their policies on how
often signs should be reviewed.

Eight states used an installation date in their sign inventories as a priority to replace
signs.

Thirty-five states put either an installation date or fabrication date on their signs.

Most states reviewed signs for replacement at least once a year.

Sign inspectors were responsible maintenance and traffic personnel (usually both).
Thirty-five states used both day and night visual inspections; thirty-five states used a
combination of moving and stationary vehicles.

Retroreflectometers or material patches were only used as a supplement to visual
inspection; Mississippi also used a spotlight during daylight hours.

A few states said they were able to make some general correlations between sign face
characteristics and retroreflectometer readings; most states responded no.

One-third of the respondents washed signs with varying frequency.

Thirty-one states did not and 13 states did have plans to modify their existing sign
inspection procedures. Modifications and changes included hiring more personnel,
improving record keeping, improving training, taking more retroreflectometer
measurements, using material patches, decreasing or formalizing review frequencies,
and formalizing inspection criteria and procedures.

Only ten states claimed to be performing or planning research related to sign
retroreflectivity in 1986. The most common research was the setting up and monitoring
of field weather decks for sign material evaluation. One state was working on the
development of a retroreflectometer; one state was field evaluating various
combinations of sign sheeting materials for legends and backgrounds; one state was
working with accelerated weathering; and another state was developing a level of

service document. One state also thought that present research was adequate.



QUESTIONNAIRE DETAILS

UESTION 1

Do you have an existing policy or retroreflective performance standard for traffic sign
replacement?

Yes 15 - No 29

If answer is yes, is your policy or standard

Written? _9 Unwritten? -5
Time related? _2 Contracf related? _0
Other?

Describe the policy:

Out of the 44 responses only 15 states had any policy for sign replacement. The policy was
written in nine states, not written in five, and one state did not say. In two states the policy is time-
related and in no state is it contract-related. Some of the comments on this question included, "Signs are
under constant surveillance by maintenance personnel, law enforcement officers, and others for
problems."

The policy in most states was related to how often signs should be reviewed, with most
replacement decisions based on subjective judgments. Two states replaced signs at about 50 percent of
their new retroreflectivity, again based on subjective judgment. One state based its replacement policy
on detectability distance, with different distances for different colored background. In the two states with
time-related policies, the first state’s policy was based on manufacturers’ claims and their own
experience, again using subjective judgment; the other state, Georgia, used a performance warranty for
sign material with replacement values as shown in Table 3-1. Idaho maintained its signs at different

service levels of subjective retroreflectivity for different levels of highways (see Table 3-2).



Table 3-1. Georgia Performance Warranty.

DEPARTMENT OF TRANSPORTATION
STATE OF GEORGIA

SUPPLEMENTAL SPECIFICATION

Modification of the Standard Specifications dated September 15, 1977
SECTION 913 — REFLECTORIZING MATERIALS
Delete 913.01 as written and substitute the following:
913.01 REFLECTIVE SHEETING: Type I —Enclosed Lens and Type II — Encapsulated Lens Sheeting:

The reflective sheeting shall be of Type I — Enlosed Lens consisting of spherical lens elements enbedded
within transparent, weatherporoof plastic film having a smooth, flat outer surface, or Type II -
Encapsulated Lens consisting of spherical lens elements adhered to a synthetic resin and encapsulated by a
flexible, transparent, weatherproof plastic film having a smooth, flat outer surface. The sheeting shall have
a protected, precoated adhesive backing and conform to one of the three levels of reflective intensity as
specified by the Engineer.

A. Reflective Intensity

iVI. Performance Warranty

The contractor or bidder shall transfer to the Department a performance warranty for Type I
Enclosed Lens or Type II Encapsulated Lens reflective sheeting issued by the manufacturer. These
warranties shall be in addition to all other certifications and/of warranties required by this specification and
shall cover the full replacement cost including material and labor. Included in these warranties will be a
provision that it is subject to such transfer. In addition to the above requirement the manufacturer's
warranty shall provide for the following applicable requirements and statements.

Reflective sheeting processed, applied to sign blank materials, and cleaned, shall perform
effectively for the number of years stated in Table V of this specification, as determined by the Department.
The reflective sheeting will be considered unsatisfactory if it has deteriorated due to natural causes to the
extent that: (1) the sign is ineffective for its intended purpose as defined in Article 913.01 K., or 2 (2) the
average night-time reflective brightness is less than that specified in Table V.

10



Table 3-1. (cont.)

TABLE V EFFECTIVE PERFORMANCE LIFE

Average Minimum Candle Power

per Foot Candle per Square

Foot (1) at 0.2° Divergence Effective Performance
SHEETING TYPE AND COLOR and -4° Incidence Life — Years
(FP-85 Type II Engineer Grade)
White Typel Level A 35 7
Yellow Typel Level A 25 7
Brown Typel Level A 0.5 7
Orange Typel Level A 12 5
Red Type 1 Level A 7 7
Dark Red Typel Level A 7 7
Green Typel Level A 4 7
Blue Typel Level A 2 7
(FP-85 Type I)
White Typel Level B 25 5
Yellow Typel Level B 12 5
Orange Typel Level B 6 3
Red Typel Level B 5 5
Green Typel Level B 3 5
Blue Type 1 Level B 2 5
(FP-85 Type III High Intensity)
White Type II 200 10
Yellow Type II 132 10
Orange Type 11 56 3
Red Type II 28 10
Green Type 11 24 10
Blue Type II 12 10

Note (1) Candlepower measurement shall be made following sign cleaning

11



Table 3-2. Idaho Retroreflectivity Performance Levels.

VICE L

The attached map identifies four Levels of Traffic Service approved for routes on the State Highway System
not covered by a separate city or county maintenance agreement. These levels are based on the average daily
traffic volume, accident rate, and physical features of each route. Stratifying the highway system according
to these criteria will result in more efficient and effective use of limited resources.

This Directive is effective immediately with full implementation expected by January 1, 1986.
Maintenance Supervisor will conduct annual reviews to ensure compliance.

Level 1 Level 2 Level 3 Level 4

Signing Replace signs Replace signs Replace when Same as Level 3

when reflectiv- when reflectiv- legibility is

ity/legibility ity/legibility marginal. See

is noticeably is marginal. Mtce Manual

deteriorating. See Mtce Manual 5-321.

See Mtce Manual 5-321.

5-321.

Levels of Service are intended to be minimum guidelines; they are not meant to preclude a more rigorous
maintenance program. Sound engineering judgment should dictate the detailed application of this directive.
Stated time limits are intended to apply to temporary repair, i.e. the use of plastic striping tape, wooden
luminaire poles, porta rail, flashing signals, etc. when permanent repairs are not feasible within the given
time limits.

12



UESTION 2

Yes No
2. Do you maintain a sign inventory? 26 18
Does your inventory have an installation date for signs? _18 _8

Do you use the installation date as a priority to replace signs? L A0

Describe any other uses your sign inventory serves in the replacement of signs:

Twenty-six out of the 44 respondents maintained a sign inventory in all or part of their states,
with 18 maintaining an installation date in the inventories (one state only kept dates on its interstate
guide signs); only eight states used the installation date as an indicator for sign replacement. Most states
that commented on the uses of their sign inventory used the inventory to keep track of the exact location
of their signs so they could be replaced and relocated easily if missing. Some states also kept track of
support types, relationship to highway and types of backing material. A few states used their inventories
for budget data. One state said it was developing a sign management automated system which would

have design life incorporated to predict a replacement schedule.

UESTION
Yes No
3. Do you put an installation date on each sign? 31 9

Thirty-one respondents put an installation date on each sign. Four states put a fabrication date

on the sign.
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QUESTION 4

How often do you inspect signs for possible replacement?
Year 11 Month 2 Other _22
Does your inspection include stop signs on county roads and city streets?

Yes _30 No 13

Do you also inspect signs for proper location?

Yes 37 No 6

This question uncovered a wide range of frequencies of sign review. Eleven states reviewed
signs yearly and seven states reviewed signs every six months. Five states’ review period varied; four
states were under constant surveillance; two states reviewed signs monthly; two performed sign
maintenance as needed; and one state each reviewed signs every three months, spring ahd fall, one to
two years, and on a five-year schedule. Some states alternated day and night reviews. One state
reviewed signs on a six-month schedule and also had a sign maintenance crew that completely reviewed,
replaced and rechecked signs statewide, county by county, with about a three-year cycle length. Probably
most states’ signs are under constant surveillance from the public, law enforcement officers and
maintenance personnel, and some states’ replies reflected this while some states only considered formal
review in their responses.

Thirty states reviewed the stop signs on county roads at their intersections with state highways

and 37 checked sign location in their reviews.
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TION

Who makes the inspection determination to replace signs? Are they from a traffic engineers

office (district level) __5 _ or a maintenance technician (from a maintenance area) __8 _ or both

31 _? What are their official titles?

Title

Title

In five states, district traffic personnel reviewed signs for replacement; maintenance office
personnel in eight states reviewed signs; and the remaining 31 responding states had both district and
maintenance personnel review signs for replacement.

The titles of the sign reviewers were primarily maintenance foreman or sign supervisor and

district traffic engineer. The titles indicated someone with responsibility.

UESTION

What methods do you use to evaluate sign reflectivity?

Visual inspection
Daytime _ 4 Nighttime _4 Both _3
Stationary (if so, distance) _varies feet

Moving vehicle __9 _ (if so, how fast) __various mph

Combination of stationary and moving 30



Do you supplement visual inspection with

Yes No
Material patches of known reflectivity? 5 39
A retroreflectometer? 17 27

If so, what manufacturer and model?

Please describe in more detail the methods used above:

This question was aimed directly at obtaining information on the "nuts and bolts" of sign
inspection methodology. Thirty-five states said that they used both day and night inspections, with four
states each doing only nighttime or only daytime inspections. Thirty states used a combination of both
moving and stationary vehicles, nine states used only moving inspections, and one state used only
stationary inspections.

The stationary distances from the sign face to evaluate retroreflectivity varied considerabiy, with
two states at the sign face, one state at ten feet to 100 feet, one state said 100 feet per inch of copy height,
one state said 25 feet to 200 feet, two states said 200 feet, one state said various distances, and one state
listed 600 feet, 300 feet, 100 feet, and five feet.

The vehicle speeds for evaluating sign retroreflectivity also varied. Ten states said they traveled
at the speed limit and one state said they traveled at 85 percent of the speed limit. The speeds of the
other nine states that repoftcd speeds were mostly in the 30 to 40 mph range, with one state at 45, one at
25, one less than 20, and one state at five mph.

The second part of the question was designed to gain information on how states supplement
visual inspection. Five states said they use material patches of known retroreflectivity, but only North
Dakota went on to describe how they used the material plates: the material plates had 40 percent of thcv
acceptance standard retroreflectivity, and any sign with retroreflectivity lower than that was replaced.
Seventeen states owned retroreflectometers, with 15 being manufactured by Advanced Retro
Technology, Inc. (formerly Gamma and Retrotech). Most states used their reflectometer for spot checks

or studies, with no state claiming to use a retroreflectometer on a regular basis. Mississippi used what
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the respondent called a Q-beam light during daylight hours. The Q-beam was described as a 200,000
candle power light which was shone on the sign. The sign reviewer placed his or her eyes above the light,
and defects or deterioration in a sign face would become evident. No observation distance was reported.
A similar method of using the sun and a mirror was also uncovered in the course of the study. The

accuracy of these two techniques is unknown.

QUESTION 7
7. What specific indicators of deterioration do you look for on a sign face?
Physical Defects Reflectivity Defects
_All _ Peeling __All _ Faded colors
__All __Delamination __ 29 Dirt
_All _ Cracking __All  Insufficient reflectivity
All __ Vandalism ___ Other
__ Other

Are you able to correlate sign face characteristics with reflectivity measurements? If so,

describe:

This question was directed at finding out exactly what kind of deterioration sign reviewers
looked for on a sign face. Almost every responding state looked for the physical defects of peeling,
delamination, cracking, and vandalism. Other physical defects included bending, changes in color, and
fading stencil ink.

Under the heading "Reflectivity Defects," all states looked for faded colors and insufficient
retroreflectivity while, only 29 states looked for dirt (maybe not considering this a defect). Other
retroreflectivity defects included cell breakdown, vapor coat fade in high intensity sheeting, and dark

streaks and blotches caused by premature failure.
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No state claimed it was able to correlate sign face characteristics directly with retroreflectometer
readings. About half of the states did not even attempt to do so. The states that were able to make
some general correlations stated that a deteriorating surface, sheeting showing contamination marks and
dullness, and darkening or graying of white or yellow is frequently a sign of low retroreflectivity. One

state said that users of the retroreflectometer may develop a feel for what a sign will read by visual

inspection.
QUESTION 8
Yes No
8. Is washing signs part of your maintenance program? 16 28
How often do you wash signs? _ 8 _ year month
Is washing done before inspection? 1 _15
If you do not wash signs, do you feel the environmental
factors (rain) are able to keep the sign face clean enough? 17 _10

In response to this question 16 states said they wash signs. Six states washed signs as necessary,
eight states washed signs yearly, one state’s washing frequency varied, and one state washed signs every
two years. In one state washing was done as an interstate summer job. Only one state said it washed
signs before inspections. Seventeen states did and ten states did not believe that environmental factors

kept signs clean enough. One state said its climate is conducive to clean signs.

QUESTION 9
9. Do you have any plans to modify your existing sign inspection procedures? If so, what are they?

18



Thirteen states had plans to modify their existing sign inspection procedures by

Arizona -- developing its own retroreflectometer
Colorado -- implementing new sign maintenance management program
Georgia -- using a retroreflectometer and material patches more frequently

Kansas -- increasing the frequency of sign inspections

Louisiana -- using a remote retroreflectometer developed at Louisiana Technical
University in December 1974 by Tom Williams, Professor of Electrical
Engineering, for the Louisiana Department of Highways in cooperation with
the U.S. Department of Transportation, Federal Highway Administration.

Maine -- instituting a program to inventory and computerize the installation date of
signs

Massachusetts -- performing nighttime visual inspections

New Mexico -- conducting more shop inspections for contract sign vendors and more
reflectivity readings on contract projects

North Carolina -- conducting annual nighttime inspections

Rhode Island -- adding personnel, increasing sign surveillance and assigning
responsibility areas to sign crews

South Dakota -- using a retroreflectometer to supplement visual inspections

Washington -- formalizing frequency and inspection criteria to assure consistency

Wisconsin -- giving better advice to district crews on what signs of deterioration to look

for on a sign face and requiring a log of inspection activity

QUESTION 10
10. Is your state currently performing or planning future research related to sign reflectivity? If so,

please describe:
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Ten states were performing or planning future research related to sign reflectivity:

. Arizona --developing its own retroreflectometer

. Colorado, Connecticut, Kentucky, North Carolina, and South Dakota -- planning
field weather decks

. Massachusetts -- performing a field evaluation of various combinations of reflective

sheeting and/or button copy
. Vermont -- studying retroreflective sheeting material on signs and other traffic control

devices under FHWA Category 11

. Virginia -- developing a level-of-service document
. Washington -- conducting this study
QUESTION 11
11. Please list any other comments you may have related to sign replacement.

This question was a catch-all question that produced many unrelated responses. The responses
are listed below by state.

Alabama. "It is felt that signs that perform and are in compliance with the Alabama MUTCD is
an importance function of the department.”

Arizona. "Most of our replacements for retroreflectivity are in groups due to similar installation
dates. We have developed techniques which help us perform these tasks (especially on large signs) more
efficiently."

California. "Caltrans believes our current policy of review by experienced, dedicated personnel
is more than adequate."

Georgia. "Need small, cheap pocket retroreflectometer.”

Jowa. "We try to maintain our signs in relatively good condition to avoid tort liability problems

and for respect by motorists.”



Mississippi. "Sign replacement on routes other than interstate is under the jurisdiction of the
districts. Statewide interstate sign maintenance and replacement is under the traffic control safety
division."

Nebraska. "I feel that signs should be replaced as they reach a pre-determined life. The pre-
determined life should be determined by past test experience. For example, seven to eight years for
engineering grade and ten to 12 years for high intensity. Special problems would be caught by monthly
visual inspection."

New Jersey. "Old aluminum signs are returned to central sign shop and shipped to a vendor who
reclaims the aluminum blank. Reclaimed signs are used to fabricate new signs."

New Mexico. "We have an active problem of overlaying (refurbishing) large guide signs in the
field."

North Dakota. "Signs are replaced when districts observe signs that they feel are not reflective,
vandalized, or have been struck by vehicles and damaged sign facing." |

Ohio. "We are currently considering various methods of overlay and full sign replacement.”

Oklahoma. "We also have a sign maintenance crew that completely reviews, replaces, and
rechecks all signs within a county, one county at a time. At this time, the amount of time lapse from one
scheduled maintenance review to the next is about three years."

Rhode Island. "We are currently using federal funds to pay for "knockdowns" as damage to
safety hardware, we plan to expand our program for upgrading on a system/project basis."

Texas. "Generally there are insufficient maintenance funds available to replace signs."

Washington. "We believe it is imperative to develop an acceptable method of visually inspecting
signs without instrument measurements.

Wisconsin. "Sign replaceﬁent for small signs is on an as-needed basis. More liberal
replacement of large guide signs resulting in group replacement is developing due to economics in

contracting, etc."
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UESTION 12

12. Would you please send a copy of your state’s response to the ten questions formulated by the
FHWA concerning the retroreflective performance of traffic control devices (FHWA Docket

No. 85-18)?

Nineteen states sent copies of their responses to the FHWA's ten questions. In addition to the
states’ responses, copies of the replies of several organizations and committees were obtained. The
organizations and committees were the following:

1. National Safety Council Response to Advance Notice of Proposal Amendments to the

Manual on Uniform Traffic Control Devices, December 23, 1986;

2. National Committee on Uniform Traffic Control Devices Task Force Report, January
8, 1986. This report includes the written responses from an ITE circulation of the
Federal Register notice and also the Hearing Record of an ITE hearing, held on
August 21, 1985, as a part of the 55th ITE annual meeting in New Orleans. The report
also includes the results of a survey, of the 50 states, circulating the same ten questions
ambng its membership;

3. National Committee on Uniform Traffic Control Devices Task Force Report on

Retroreflectivity, Advisory Ballot Summary, April 9, 1986.
The responses to the FHWA’s questions are summarized as follows:
. Most states felt that maintained standards or guidelines are needed for retroreflectivity

of traffic control devices.

. Research to correlate drivers’ needs and retroreflectivity requirements is necessary.
. No practical method of traffic sign retroreflectivity measurement exists for a large sign
inventory.



. Research is needed to develop a practical instrument to measure retroreflectivity before
standards are implemented.

. The cost-effectiveness of standards is unknown.

TION

13.

If you would like a copy of the completed report, please check (_). Send report to the

following:

Name

Title

Mailing Address

Forty-two states requested copies of the finished report.



CHAPTER 4
METHODOLOGY

EXPERIMENTAL DESIGN

The primary objective of this research was
to assess the accuracy of a human observer in
determining levels of highway sign retroreflectivity
in a highway environment. To accomplish this goal
a series of experiments were conducted using
impartial observers to rate the retroreflectivity of
traffic signs. The results were then analyzed.

Traffic signs come in a variety of colors
and sizes depending on what message the sign is to
convey to the motorist. Signs fall into two
categories depending on how they are made. A
sign can have a legend and background of reflective
material, or reflective background and a non-
reflective legend.

Traffic signs also vary in how critical they
are to the motorist, depending upon the
consequences to the motorist of not responding to
the signs’ messages. Not stopping at a stop sign
could result in serious injury while not responding
to a "do not litter" sign could result in a fine, but

would not be a life and death mistake.
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To have evaluated all colors and combinations of colors would have been time consuming and
somewhat repetitive. Therefore, two types of signs were selected for the experiments: the stop sign and
the warning sign (see Figure 4-1). These sign types are of high relative importance; they are commonly
used, so an adequate supply could be obtained for the experiments; and they are of both sign types, some
having a reflective legend and background and others have a non-reflective legend. If observers could be
trained to distinguish levels of retroreflectivity for these sign types they could probably be trained for the
other colors.

Sign reflectivity experiments were performed under three conditions. The first set of
experiments took place in Edmundson Pavilion at the University of Washington. The second set took
place outdoors on the University of Washington campus under controlled highway conditions. The third
set took place in two parts on state highways under actual highway conditions. All experiments were
done in darkness.

Laboratory Experiment

The laboratory experiment in Edmundson Pavilion (see Figure 4-2) was set up to minimize
variables by controlling ambient light, geometrics and other environmental conditions. Observers sat in
chairs with their eye height at the design driver’s eye height of 3.5 feet (7). Two seven-inch-diameter,
sealed beam headlights were placed in front of them to simulate the relationship between the driver’s
eyes and an automobile’s headlights. The headlights were aligned similarly to automobile headlights in
accordance with the Society of Automotive Engineers’ (SAE) speciﬁéations. Signs of known
retroreflectivity were placed on a sign post with the bottom of the sign at seven feet. Observers marked
their judgments on rating sheets using a small flashlight to see. The experiment simulated a car parked
on the shoulder with the driver observing the sign. The offset distance from the right headlight to the
sign post was eight feet. Two observation distances, 100 and 200 feet, were evaluated. The size of the
laboratory limited the observation distance to a maximum of 200 feet.

The observers were divided into four groups for the laboratory experiment. Groups met either

Monday-Wednesday or Tuesday-Thursday at 9:00pm-11:00pm or 10:00pm-12:00am. Each group
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participated in three sessions in the laboratory. The first two sessions were at an observation distance of
150 feet. The third session consisted of 50 observations at 100 feet and 50 observations at 200 feet.

Controlled Highway Experiment

The controlled highway experiment on the campus (see Figure 4-3) was performed similarly to
the lab tests. Observers for this test sat in a stationary automobile on approximately level ground and
used the same method of recording the sign ratings. The same set of signs used in the laboratory
experiment were used again. The signs were observed at three distances: 100, 200, and 300 feet. The
offset distance from the side of the car to the sign post was eight feet. The experiment simulated
highway conditions, including ambient light, geometrics and viewing through the windshield. The same
groups also observed signs in three sessions for the controlled highway experiment. In the first session,
subjects observed at distances of 100 feet and 200 feet. Subjects observed from distances of 200 feet and
300 feet in the second and third sessions. Forty sign observations were made from each distance.

The controlled highway experiments were done when it was not raining. The controlled highway
experiments were logistically more difficult than the laboratory experiments. The sky was not dark
enough to begin observations until 9:45pm, limiting the time available. The wind, combined with the
observers being inside the vehicles, made communication difficult.

Highway Experiment

The highway experiment (see Figure 4-4) was conducted on parts of three state highways under
rural (SR 900 and SR 901) and urban (SR 522) conditions. The highway sections were selected for
convenience and it is not known if they represent typical highways. Observers were driven along the
highways and evaluated signs from moving and stationary vehicles.

The rural course consisted of two types of highway. The beginning and end was a two-lane
arterial through a residential area with street lights on power poles spaced unevenly at about 500 feet
apart. The middle portion of the course was a rural arterial which was totally dark except for one

intersection and one sign at the turn-around point, which were in areas illuminated by street lights.
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The urban course was primarily on a four-lane, undivided urban arterial. The course went
through areas of commercial development but also included some sections that were undeveloped and
dark. The turn-around point and the few signs on either side of this point were on a four-lane, divided
highway (freeway).

During the experiments, a driver and three observers rode in a car. Each observer had a
clipboard with a rating sheet, a small flashlight and a writing instrument. In one direction, the driver
stopped the vehicle approximately 200 to 300 feet from the warning signs, trying to duplicate the
controlled highway relationship between the car and sign. In the return direction the vehicles were
driven past the warning signs at the speed limit or about 35 miles per hour, whichever speed was slower.
The stop signs on county roads and city streets intersecting the state highways were evaluated using the
same method for both directions. The controlled highway relationship was duplicated as best as possible
considering roadway geometrics and other factors. Evaluating stop signs from a moving vehicle was not
possible as the vehicle had to stop at the sign.

The method of using the same observers on the same night to evaluate signs from a stationary
and a moving vehicle minimized the cxpérimental variables, including ambient light conditions, observer
inconsistency from one day to the next, automobile headlight differences and any other factors. Both of
the highway courses had numerous directional changes so that observations were in all directions for
both the stationary and moving vehicle portions.

The highway experiments were done under good weather conditions.

SIGN RETROREFLECTIVITY SCALE

The objective of the experiments was to determine if a human observer could be trained (o
accurately rate traffic sign retroreflectivity. During the training period a series of signs were shown to
the observers and they rated them baséd on a retroreflectivity scale. The literature included various
studies in which observers rated background complexity, determined legibility distances, observation

distances and other sign-related observations. However, all studies were from a driver’s perspective of a
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sign. This study was from a trained maintenance person’s or traffic engineer’s perspective, and for this
reason a retroreflectivity scale for use in sign maintenance had to be developed.

The study team considered two alfernative ways for the observers to rate sign retroreflectivity.
Tﬁe first alternative was to establish an arbitrary level of acceptable retroreflectivity. Observe<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>